Langmuir wave growth and saturation in plasmas is of great importance to inertial confinement fusion (ICF) applications, where Langmuir waves can reflect large fractions of the incident laser energy via the process of Stimulated Raman Scattering, or SRS [I] . In SRS, the incident laser wave resonantly drives a Langmuir wave and a scattered clectroma,gnetic wave [2] . Understanding the mechanism.s which govern the reflectivity under the conditions of ignition experiments is critical to allc,w scaling to fusion reactors [1] Recent studies have suggested the importance of Langmuir wave decays to SRS. Numerous theoretical treatments have shown that strongly driven SRS can bc affected by Langmuir wave decays and collapse [10] [11] [12] [13] . Recent experimental studies of SRS in Iargc scale phsmas have found reflectivities that scale weak~y with plasma properties [3] [4] [5] [6] cmmistcnt with SRS being saturated. These experiments have shown that SRS can bc limited by non-linear saturatirm of the SRS Langmuir wave [14] , and that the saturation amplitude is dependent on the ion acoustic wave damping rate in the plasma [4, 5] suggesting that an ion wave decay is the cause. Two processes in which the Langmuir wave decays into an ion wave and a third wave arc likely candidates to cxpla.in this behavior. In the Langmuir Decay Instability (LDI), the third wave is a Langmuir wave. This process has been suggested as the like~y SRS saturation mechanism by many analytic and numerical studies [10-1 3] . Rcccnt cxperi.ments in small scale plasmas have also detected decay products at.tributcd to the LDI instability [7] [8] [9] . Another possible mechanism is the Electromagnetic Decay Instability (EDI), where the third wave is an electromagnetic wave. This instability has a lower threshold than. LDI, and also a weaker growth rate [15] . In each case, the gain of the instability is peaked when the ion daughter wave nearly cmpropagates with the SRS Langmuir wave.
In this Letter, we present the first demonstration that SRS-produced Langmuir waves decay by the LDI process in ignitim-relevant plasmas, as prcdictcd theoretically [10] [11] [12] [13] 15] and consistent with recent experiment [4, 5, 14] . We have performed cxpcrimcnts in which the Thomson scattering geometry is designed to bc sensitive to the ion wave products of either the LDI or the EDI process, and observed ion waves only for the LDI case. Ion waves produced by these decay processes have !;he important characteristic that the waves' k and w arc unique, so the k resolved Thomson measurements can identify the individual instability.
Ion waves arc also a clearer indication of the LDI instability than the counter-propagating Langmuir wave observed in colder plasmas [7, 8] as they cannot be due to back rcficctiorr of the primary wave or driven by other sources [8] .
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The experiments were performed at th@@j,.laser facility [I] . The experimental configuration is shown in figure 1 , The plasma is produced by a gas filled balloon target which is heated by 8 unsmrrothed Nova beams with a wavckmgth of 351 nm to produce a 2 mm diameter uniform density plateau with mr electron temperature near 2.5 keV and a density determined by the gas used [16] .
Thomson scattering [18] is used to detect the ion wave decay products of SRS Langmuir This data shows that LDI is occuring at rates that drive the ion wave far above thermal levels when SRS reflectivity is large and does not vary with drive beam intensity, which is the primary result of this letter, In addition the LDI ion waves occur in conditions where previous experiments have showed the SRS Langmuir wave was non-linearly saturated [14] and are consistent with LDI saturating SRS.
The measurement of LDI ion waves wm repeated at a radius of 400 + 100 flm with an increased intensity 2 x 1015 W/cmz produced with the reduced spot size of a focused, phase plate smoothed beam, and no activity was observed. This implies that LDI is most ,activc in the outer region of the gas bag, which is consistent with previous measurements which suggest that SRS occurs primarily in the outer region [19] and with the model of strongly damped Langmuir waves which shows that scattered waves grow in the direction toward the incident beam, These experiments were repeated for the EDI ion wave, Pointing was varied from r = 700 + 100 pm from the gas bag center on the side closer to the beam entrance to r = 400 + 100 #m from the gas bag center cm the side away from the beam entrance, The intensity of the drive beam was 2 x 10]5 W/cmz. No ion waves above thermal level were detected in any of the EDI cases studied. The sensitivity of the detector was roughly the same as that in the LDI case for measurements at the location where LDI was detected, and should have detected a signal FX& th of the LDI signal. At other locations, duc to dif!erent filtration and stray light , the sensitivity was sufficient to have detected a signal x & of the observed LDI signal. The absence of EDI waves suggests that EDI is not playing a role in saturating SRS in these experiments.
The data has been used together with analytical formulae to make simple limiting estimates of the possible effect of the LDI pmccss on SRS in these experiments. The amphtudc of the driven ion wave was estimated using the collective Thomson scatter equation which relates scattering from a wave to rms wave amplitude:
(:)2=@&%32 k2L1L" following Ref. [20] , where P,ca~,~~care the scattered and incident powers respectively, n, nc are the electron density and the critical density, k is the wave number of the incident beam, L. is ths length of the scattering volume, Lc is the smaller of the cohcrencc length c,f the an the~lcctron dcnsitY perturbation amplitude Of the iOn wave or speckle size (4pm), ; M acoustic wave, and F is the volume fraction that is SRS active, We can make estimate an upper limit to F by requiring that the SRS gain calcuatcd for our conditions is sufficic:nt for the instability to grow from noise in the activic regions. The SRS gain in the present case is G'& = 2.5+ (weak damping limit) where 10 is the average intensity in the laser spot, so that for SRS to bc active~z 4 is needed and hence for a speckle intensity distribution the maximum volume fraction is F = ().02 [21] . Wc then obtain (~)' z 1 x 10-5 a-s the lower buund on the electron density fluctuation associated with the LDI ion wave in these experiments. This result depends inversely on the cohcrcnce length of the wave which is assumed no shrxtcr than a speckle sti~e.
The inferred LDI wave amplitude may bc compatible with the ion wave amplitude necessary to significantly limit the amplitude of the SRS generated Langmuir wave. Solution of the coupled mode equations in 1-D (which is appropriate for backscattcr) yields the ion wave amplitude needed to effectively double the damping rate of the incident Langmuir wave, and thereby make make the wave response significantly mrn-linear [22] :
where~is the density perturbation amplitude of the ion acoustic wave, and VL is the Langmuir wave damping rate. The Langmuir wave can hence be more easily saturated in strongly driven plaxmas where damping is weaker. Damping for a maxwcllian clectrrm distribntiorr is dominated by Landau damping, There are however many mechanisms which may distort the electron distribution and lead to reduced damping in these plaxmas, inclading trapping of particles when the waves have large amplitudes [14] , non-local heat transport, and super-gaussian distributions produced by intense inverse brcmsstrahlung heating by the laser. The latter effect has recently been shown to produce dramatic reductions i:n the damping rate of the Langmuir wave [23] . This effect can potentially reduce the damping to the collisional value as a lower limit. The ion wave amplitude to saturate SRS is then between (~)2 = 0.02 using the Landau damping rate of the Langmuir wave in a Maxwellian plasma, and (~)2 = 2 x 10-6 using the electron collisional damping rate. 
